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mechanics, and experienced teachers will agree 
that “a thorough grounding in this most funda¬ 
mental of all the sciences is the beginning of all 
wisdom in physical knowledge.” The treatment 
of the various subjects follows conventional lines, 
a short chapter on the discharge of electricity 
through gases being the only one which deals 
specifically with the results of modern research. The 
style is lucid and interesting, and the explanation 
of physical principles exceptionally clear. It is to 
be regretted that the price of 16s. net should be 
so high as to make it impossible for many 
students to purchase the volume. 

(2) A smaller treatise on the elements of physics 
has been written by Dr. Houstoun, who has 
attempted to cover the same ground in less than 
half the number of pages. The matter is con¬ 
sequently somewhat compressed and the style 
curt. The author has been successful in includ¬ 
ing a section on simple harmonic motion, which 
is so important in the study of vibrations; and 
another on the characteristic features of wave 
motion, in which the difference between a 
stationary and a progressive wave is well brought 
out. The work should be useful as giving a com¬ 
pact systematic treatment of the whole subject. 

Both books are furnished with useful collections 
of questions and problems, and answers are pro¬ 
vided for the numerical examples. 

H. S. Allen. 


OUR BOOKSHELF. 

Harmsworth's Universal Encyclopedia. Edited 
by J.-A. Hammerton, No. i. Pp. xix+128. 
(London : The Amalgamated Press, Ltd., 1920.) 
Price is. 3d. 

This is, of course, a work of reference for the 
general reader, not the expert. The editor 
claims that it possesses the three necessary 
qualities, comprehensiveness, conciseness, anil 
accuracy. All three are relative terms, and there 
is no absolute test by which his claim can be 
judged. But, since Mr. Hammerton is the acknow¬ 
ledged authority on What the Public Wants, the 
first claim may be conceded without further 
question. On the second the bare statement that 
A —Afranius occupies 128 closely printed but well- 
illustrated pages will enable the reader to judge 
for himself. On the third it is sufficient for 
Nature to record that the scientific articles appear 
all to be as completely accurate as the space 
allotted to them will permit, and that one of the 
introductory articles, by Lord Moulton on “ Science 
and the Future,” is a model expression of the 
obvious; originality or profundity could not be 
expected. 

We think the production is one of which the 
Amalgamated Press may well be proud. 
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LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications .] 

Relativity and the Displacement of Fraunhofer Lines. 

In view of the uncertainty in the interpretation of 
Einstein’s equations in the matter of the displacement 
of solar spectrum lines, and of the hope which has 
been expressed that experimental spectroscopic evi¬ 
dence may be forthcoming which will settle the point 
at issue, it may be of interest to give a brief account 
of the present state of the problem from the experi¬ 
mental point of view, there are really three ques¬ 
tions to which answers are required :—(1) Is there 
any means whereby the displacements of solar lines 
relative to those of terrestrial origin may be dis¬ 
entangled from such disturbing causes as pressure, 
varying arc conditions, density gradients, etc. ? (2) If 

so, what do the outstanding displacements amount 
t0 ’ (3) To what extent are they due to gravitation 

and line-of-sight motion respectively? 

Upon. (1) it is to be remarked that, since both 
gravitation and motion displacements vary directly 
with the wave-length, they are indistinguishable 
spectroscopically; moreover, the possibility of separa¬ 
ting their sum from those due to other causes, which 
m general displace spectrum lines (I have enumerated 
some ten possible causes in a recent communication 
to the Royal Astronomical Society), depends upon the 
reputed invariability of the wave-lengths of the 
cyanogen bands in different parts of the arc, under 
pressure under varying current densities, etc.’ Prac¬ 
tically all other lines are affected bv one or more of 
these influences, and must be ruled out of account. 
Further laboratory experiments are necessary before 
the cyanogen bands. can be regarded as ' suitable 
criteria, particularly in view of a recent statement 
fron^ the Bonn Laboratory that they are unsym- 
metrical. which for well-founded reasons brings them 
seriously under suspicion for astrophysical purposes. 

Even if we assume for the present that the cyanogen 
bands are. satisfactory standards, (2) presents a further 
difficulty in that the Mount Wilson observers find dis¬ 
placements varying from o to about one-third of that 
predicted bv. Einstein; whereas Evershed and three 
Continental observers find a displacement of about 
one-half thcpeciuired amount. It is possible that the 
discrepancy is due to the observations being made on 
different dates, since at Kodaikanal, on different occa¬ 
sions, measures made at the pole of the sun varied 
from one-half to the full predicted displacement. 
Simultaneous solar observations at Kodaikanal and 
Mount Wilson are, unfortunately, impossible, and it 
is a pity that the Australian Solar Observatory is not 
vet in existence to link up the two. 

If Mr. Evershed and others prove correct, the 
problem still remains to. interpret the half-displace¬ 
ment observed; obviously, this' can be done only if 
by some independent evidence the motions of' the 
vapours are known upon that portion of the solar 
surface towards which the spectroscope is directed. 
This involves a deeper knowledge of the currents in 
the solar atmosphere than we at present possess. 
There has been a disposition to regard displacements 
at the polar limb as free from motion effects, but it 
is inevitable that there will be surface currents, and 
these need not be of excessive violence in order to 
pive disolacements of the order of magnitude of those 
I observed. The problem, if we accept Mr. Evershed’s 
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data, resolves itself into choosing; between (a) the 
absence of Che Kinstein eflfect, but the existence of 
currents of absorbing solar vapours moving away 
from the observer on the earth, and (b) the existence 
of the Einstein effect, together with solar currents of 
about the same magnitude as before, but in the oppo¬ 
site direction. The question thus involves an exten¬ 
sive knowledge of solar meteorology. There is, I 
fear, no immediate prospect of a rigorous solution 
of the problem of the displacement of the Fraunhofer 
lines with our present incomplete knowledge of the 
conditions necessary for the production of the 
cyanogen-band spectrum and with our present limited 
information regarding the circulation in the sun’s 
atmosphere. W. G. DuFFlF.t.n. 

University College, Reading, Februarv 8. 


Statistics of Valour and Service. 

In the Weekly Edition of the Times for Novem¬ 
ber 28, 1919, the following statistics relating to 

decorations awarded for services in the field are 
detailed : — 


v.c. 

Decoration 576 
1 st bar ... 2 
2nd bar ... —• 
3rd bar ... 


D.S.O. M.C. 

8,862 36,707 

69S , 2,932 

70 167 

0 4 


D.C.M. M M. 

2 4.39' "4.5'7 

468 5,719 

9 180 


An analysis of these figures, with a consideration of 
the results arising from such an examination, may be 
not without interest. 


The figures may be reclassified as follows : — 


Number of Individuals who have Won Decoration 
V.C. D.S.O. M.C. D.C.M. M.M. 

With o bar ... 574 8,167 33-775 23,923 108,798 

» 1 *’ ar ••• 2 625 2,765 ' 459 5,539 

,, 2 bars ... — 64 163 9 17c) 

,, 3 bars ... 6 4 — 1 

In making this reclassification 1 have assumed that 
all the decorations were won subsequent to Julv, 1914. 
There may be exceptions- as, for instance, in the case 
of Capt. Leahy, V.C. - but as the number of such 
cases must be small, their influence may be neglected. 

In analysing these statistics 1 shall employ a type 
of method which I have applied with considerable 
success to medical problems, chiefly of an epidemio¬ 
logical nature (Science Progress, 1914; Proc. Lond. 
Math. Soc., 1914; and various papers in the Indian 
Journal of Medical Research). The argument as 
applied to the present case is as follows : Let us 
assume the presence at the Front of a community of 
Individuals, initially undecorated, who were capable 
of earning the decoration in question provided that 
opportunity offered and recognition came. Let v.. be 
the number of individuals who at anv moment were 
in the grade x- that is to sav, who had received the 
decoration with x-t bars. Let $J(t)dt be the prob- 
nbility that an individual in grade x mav during the 
time dt pass from the grade x to the grade x+ 1. For 
such a passage to occur, both opportunity must offer 
and recognition must come. The function <t>. allows 
for variations in the probability of further attainment 
being dependent on the degree of anterior attainment. 
The function f(l) Is unknown ; it describes the ebb 
and flow of the conflict. Variations in the number 
of individuals in the grade x are composed of influxes 
and effluxes. The degree of the former depends upon 
the number of individuals who have already attained 
to the grade x— 1, and the degree of the latter upon 
the number of those who are in the grade x itself. 
Thus 

dv z — (<f>x- |TV_ , - <t>,7/ r ) f (t)dt. 

Let us assume as an approximation that <t>, — h + cx. 
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Let (i, denote the mean grade, and /x 2 and fi s the 
second and third moments about the mean respec¬ 
tively. By differentiating these values according to 
the time, and by making use of the above differential 
equation, we find 

f*i = n-i=-d‘(e c, ~ 1), i)(2<c’-t), 

I c C C 

| where ft is written for -ff(t)dt; whence 

1 

and 

l l ,U l 2 + f l 3 )= 

Solving the differential equation for successive 
i values of x, and eliminating the unknown function 6, 

| we have, if we remember that the participating 
I population N was initially undecorated, 






: *X +l ) ■ 

■c«-o 

A pj/ t? 

iiY 

1 Jrl If 

J 


In the present instance, as in very many epidemio¬ 
logical problems, we are ignorant of the value of N, 
i.e. of the number of individuals in the participating 
population. On the assumption that our hypotheses 
are applicable, we can, however, calculate its value 
by making use of the above eliminant between the 
moments which results from our hypotheses, and bv 
taking advantage of the fact that, in calculating the 
values of moments about anv selected grade, informa¬ 
tion regarding the number of individuals in that grade 
is unnecessary, as in each rase this number is multi¬ 
plied by zero. In the present instance, as we are 
ignorant of the number of individuals in the zero 
grade (i.e. of the number of the undecorated), we 
employ moments about the origin. I jet us denote the 
second and third of these by p!„ and u ', respectively, 
then by introducing the values >i.—N/x,, «., = N«'„, 
»!., = N«',. into the eliminant we find 

N = »*,(** - »,) 4 - {2 « 2 2 - «j(» 2 4- 

The results of these calculations are indicated in 
the following table - 

Number of Individuals having the Decoration 


V.C. D.S.O. M.C D.C.M. M.M. 
With o bar ... 574 8,158 33,769 23,925 108,789 

,, 1 bar ... 2 638 2,784 460 6,555 

,, 2 bars ... — 58 152 8 169 

,, 3 bars ... — 6 6 — 3 


The correspondence between calculated and actual 
values is good, as was in some measure to be ex¬ 
pected, since the number of grades in the statistics 
in no ease exceeds four, whilst the number of con¬ 
stants at our disposal is three. We mav, however, 
conclude that, for particular values of these constants, 
our assumptions are sufficient to account for the facts, 
and proceed to examine the significance which 
attaches to these values in the light of our assump¬ 
tions. The final test of the adequacy of the assump¬ 
tions must clearly depend upon the reasonableness of 
such inferences as may obtrude themselves. 

These values are as follows :— 



N 

(It> 

*JA') * 

v.c. 

. 4 '.763 

-<>•5 

0-014 

D.S.O. 

215,498 

4-2-96 

0*042 

M.C. 

. 2 4o,477 

— 0-005 

0*166 

D.C.M 

... 1,103,730 

+<>735 

0*023 

M.M. 

. ',077,444 

— 0-096 

o*i 13 

In the 

values of N we have 

the values 

of the par- 


ticipating populations. To recapitulate : They denote 
the numbers of persons at the Front who were capable 
of earning the decoration in question if opportunity 
offered and recognition came. The standard of the 
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